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(54) METHOD OF ETCHING AND METHOD OF PLASMA TREATMENT 



(57) A processing gas constituted of CH 2 F 2t 0 2 and 
Ar is introduced into a processing chamber 102 of a 
plasma processing apparatus 1 00. The flow rate ratio of 
the constituents of the processing gas is set at CHgFg/ 
Q 2 /Ar= 20sccm/10sccm/1 OOsccm. The pressure inside 
the processing chamber 1 02 is set at SOmTorr. 500 W 
high frequency power with its frequency set at 13.56 
MHz is applied to a lower electrode 1 08 on which a wafer 
W is placed. The processing gas is raised to plasma and 
thus, an SiN x layer 206 formed on a Cu layer 204. is 
etched. The exposed Cu layer 204 is hardly oxidized 
and C and F are not injected into it. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an etching 
method and a plasma processing method. 

BACKGROUND ART 

[0002] As ultra high integration in semiconductor de- 
vices increasing in recent years, manufacturing super- 
fine metal wirings that conform to rigorous design rules 
has become a crucial technical requirement. However, 
when the aluminum wirings normally utilized in the prior 
art, such as wirings constituted of Al or an Al alloy, are 
miniaturized, the level of the electrical resistance be- 
comes significant, which readily causes a wiring delay, 
lowering the operating speed of the semiconductor de- 
vice. As a solution, adoption of Cu having a lower elec- 
trical resistance value than Al as the wiring material has 
been considered in recentyears. However, Cu becomes 
oxidized more readily than Al. Accordingly, during the 
semiconductor manufacturing process, a Cu wiring lay- 
er is covered with a layer constituted of a material that 
does not contain 0 25 e.g., an SiN x layer, to prevent ox- 
idation of the Cu wiring layer by assuring that it is not 
exposed to 0 2 . 

[0003] When connecting a Cu wiring to another wiring 
in a semiconductor device adopting a multilayer wiring 
structure, it is necessary to to etch the SiN x layer and to 
form at the SiN x layer a connecting hole such as a via 
hole through which the Cu wiring layer is exposed. How- 
ever, a CF (fluorocarbon) processing gas containing 0 2 
is usually utilized in the plasma etching process during 
which the SiN x layer is etched. As a result, the surface 
of the exposed Cu wiring layer becomes oxidized by 0 2 
or an oxide compound is formed at the Cu wiring layer 
during the etching process. Such a reaction product 
raises the electrical resistance value at the area where 
the Cu wiring is connected with the other wiring, thereby 
presenting a problem in that the device characteristics 
of the semiconductor device are compromised. 
[0004] An object of the present invention, which has 
been completed by addressing the problem of the prior 
art discussed above, is to provide a new and improved 
etching method and a new and improved plasma 
processing method that solve the problem above and 
other problems. 

DISCLOSURE OF THE INVENTION 

[0005] In orderto achieve the object described above, 
in a first aspect of the present invention, an etching 
method for etching an SiN x layer present on a Cu layer 
formed at a workpiece placed in a processing chamber 
by raising to plasma a processing gas introduced into 
the processing chamber, which is characterized in that 
the processing gas contains a gas constituted of C, H 



and F and 0 2 , is provided. 

[0006] In the etching process implemented by using 
the gas constituted of C, H and F according to the 
present invention, the exposed surface of the Cu layer 

5 is not oxidized readily. In addition, this effect is sustained 
regardless of whether or not 0 2 is present. For this rea- 
son, even when a wiring, for instance, is connected at 
the exposed surface of the Cu layer, the electrical re- 
sistance value at the connection area is not raised. Fur- 

w thermore, by adding 0 2 into the gas constituted of C, H 
and F, it becomes possible to even more effectively pre- 
vent the oxidation of the Cu layer. 
[0007] The gas constituted of C, H and F should be 
CH 2 F 2 , CH 3 F orCHF 3 . 

is [0008] In addition, it is desirable to add an inert gas 
into the processing gas. When an inert gas is added into 
the processing gas, the contents of the gas constituted 
of C, H and F and 0 2 can be adjusted as necessary in 
correspondence to specific process requirements while 

20 maintaining the quantity of the processing gas intro- 
duced into the processing chamber at a predetermined 
level. 

[0009] Moreover, in a second aspect of the present 
invention, a plasma processing method comprising a 

25 step in which an SiN x layer is etched by using a pho- 
toresist layer having a specific pattern formed therein, 
a step implemented after the etching step, a step imple- 
mented aftersaid etching step, in which said photoresist 
layer is ashed and a step implemented after said ashing 

30 step, in which a plasma process is implemented on the 
exposed Cu layer by raising to plasma H 2 introduced 
into the processing chamber is provided. 
[0010] It is to be noted that the exposed surface of the 
Cu layer may become oxidized during the ashing step 

35 as well. In addition, if a CF gas is used as the processing 
gas during the etching step, C (carbon atoms) and F (flu- 
orine atoms) may be injected into the exposed surface 
of the Cu layer. Accordingly, in a third aspect of the 
present invention, the surface of the Cu layer is treated 

40 with H 2 plasma after the etching step and the ashing 
step to deoxidize the oxidized Cu and to remove C and 
F. As a result, the electrical resistance value at the con- 
nection area where the Cu wiring is connected to the 
other wiring is prevented from increasing even more ef- 

45 fectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

50 

FIG. 1 is a schematic sectional view of a plasma 
processing apparatus in which the present inven- 
tion may be adopted; 

FIG. 2 presents schematic sectional views of a wa- 
55 fer before and after implementing a process by 
adopting the etching method according to the 
present invention; 

FIG. 3 presents schematic diagrams to facilitate an 
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explanation of an implementation example of the 
etching method according to the present invention; 
and 

FIG. 4 presents schematic diagrams to facilitate an 
explanation of the implementation example of the 
etching method according to the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 2] The following is a detailed explanation of a pre- 
ferred embodiment of the etching method and the plas- 
ma processing method according to the present inven- 
tion, given in reference to the attached drawings. 

(1) Etching Method 

[0013] First, the etching method adopted in the em- 
bodiment is explained. 

(a) Overall Structure of Etching Apparatus 

[001 4] First, in reference to FIG. 1 , a brief explanation 
is given on a plasma processing apparatus 1 00 that may 
adopt the etching method achieved in the embodiment. 
A processing chamber 102 is formed in an airtight 
processing container 104. A magnet 106 is provided 
around the processing container 1 04 so as to form a ro- 
tating magnetic field inside the processing chamber 
1 02. In addition, a lower electrode 1 08 on which a work- 
piece such as a semiconductor wafer (hereafter referred 
to as a "wafer") W may be placed is provided inside the 
processing chamber 1 02. An upper electrode 1 1 0 is pro- 
vided to face opposite the mounting surface of a lower 
electrode 108 in the processing chamber 102. 
[0015] Numerous gas outlet holes 110a are formed at 
the upper electrode 110. The gas outlet holes 110a are 
connected with first - third gas supply sources 1 24, 1 26 
and 128 respectively via first - third switching valves 
112,114 and 1 1 6 and first - third flow regulating valves 
118, 120 and 122. CH 2 F 2 , 0 2 and Ar constituting the 
processing gas used in the embodiment are respective- 
ly stored in the first ~ third gas supply sources 1 24, 1 26 
and 128. This structure allows the processing gas con- 
stituted of CH 2 F 2> 0 2 and Ar individually set at prede- 
termined flow rates to be introduced into the processing 
chamber 1 02 via the gas outlet holes 1 1 0a. It Is to be 
noted that the etching process implemented by using 
the processing gas is to be detailed later. 
[001 6] In addition, the processing gas introduced into 
the processing chamber 102 is raised to plasma when 
high frequency power output from a high frequency 
source 130 is applied to the lower electrode 108 via a 
matcher 132. The gas inside the processing chamber 
1 02 is evacuated via a baffle plate 134 provided around 
the lower electrode 108 and an evacuating pipe 136. It 
is to be noted that the plasma processing apparatus 1 00 
assumes a structure which allows it to perform an ashing 
process and a surface treatment on a Cu layer 204 to 



be detailed later as well as the etching process, 
(b) Etching Process 

5 [0017] Next, in reference to FIGS. 1 and 2, a detailed 
explanation is given on the etching process implement- 
ed on the wafer W by using the processing gas in the 
embodiment. It is to be noted that FIG. 2(a) presents a 
schematic sectional view of the wafer W in the state be- 

10 fore an SiN x layer 206 is etched. FIG. 2(b) presents a 
schematic sectional view of the wafer W in the state after 
the SiN x layer 206 is etched. 

[0018] As shown in FIG. 2(a), the Cu layer (Cu wiring 
layer) 204 is formed at a first Si0 2 layer 200 via a TaN 

is layer 202 which functions as a barrier metal layer. In ad- 
dition, the SiN x layer 206 which is to undergo the etching 
process in the embodiment is formed on the Cu layer 
204 to prevent the oxidization of the Cu layer 204. A sec- 
ond Si0 2 layer 208 to be used as a layer insulating film 

20 and a photoresist layer 210 having a specific pattern 
formed therein are sequentially laminated over the SiN x 
layer 206. 

[0019] The etching process is implemented in the em- 
bodiment after forming a via hole 212 which reaches the 

25 siN x layer 206 is formed at the second Si0 2 layer 208 
through a specific type of etching process as shown in 
FIG. 2(a). Namely, the processing gas introduced into 
the processing chamber 102 to etch the second Si0 2 
layer 208 is first switched to the processing gas consti- 

30 tuted of CH 2 F 2 , 0 2 and Ar which characterizes the em- 
bodiment. At this point, the flow rate ratio (CHaF^Og/Ar) 
of CH 2 F 2 , 0 2 and Ar is set at, for instance, 10sccm - 
30sccm / 10sccm - 30sccm / 1 0Osccm - 200sccm. The 
pressure inside the processing chamber 102 may be set 

35 at, for instance, 30mTorr ~ 100mTorr. Then, high fre- 
quency power having a frequency of, for instance, 1 3.56 
MHz and achieving a 300 W ~ 1 000 W level is applied 
to the lower electrode 1 08. 

[0020] Such high frequency power applbation causes 
40 the processing gas to dissociate to generate plasma. As 
a result, the SiN x layer 206 becomes etched by the plas- 
ma and the upper surface of the Cu layer 204 becomes 
exposed at the bottom of the via hole 212 as shown in 
FIG. 2(b). Since the SiN x layer 206 has been etched by 
45 using the processing gas constituted of CH 2 F 2 , 0 2 and 
Ar, the surface of the Cu layer 204 Is hardly oxidized 
during this process, as explained later in reference to 
subsequent implementation examples. 



[0021] Next, an example of actual implementation of 
the embodiment is explained in reference to FIG. 3 and 
FIG. 4. It is to be noted that FIGS. 3 (a) and (b) and 
55 FIGS. 4 (a) and (b) each schematically illustrate the re- 
lationship between the depth measured from the sur- 
face of the Cu layer 204 and the content of the elements 
present in the Cu layer 204 at the corresponding depth. 



50 (c) Implementation Example 
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The Cu layer 204 was gradually etched by spraying Ar 
at a predetermined pressure on to the exposed suiia: > 
of the Cu layer 204. 

[0022] In the implementation example, the SiN x layer 
206 at the wafer W shown in the FIG. 2(a) was etched 
by employing the plasma processing apparatus 1 00 ex- 
plained earlier. The flow rate ratio of the constituents in 
the processing gas was set at Ch^F^O^Ar = 20 seem/ 
10sccm/100sccm. In addition, the pressure inside the 
processing chamber 102 was set at 50mTorr. High fre- 
quency power with a frequency set at 13.56 MHz and 
achieving a 500 W level was applied to the lower elec- 
trode 108. The results presented in FIG. 3(a) were 
achieved by etching the wafer under the conditions de- 
scribed above. As shown in FIG. 3(a), the Cu layer 204 
was hardly oxidized when the process was implemented 
by using the processing gas constituted of CH 2 F 2 : 0 2 
and Ar, with hardly any C and F injection observed. 
Thus, we may conclude that the processing gas is ef- 
fective in preventing damage to the Cu layer 204. 
[0023] Next, as an example that provides a compari- 
son to the implementation example described above, an 
etching process was implemented by using a process- 
ing gas constituted of CF 4 and Ar, and the results pre- 
sented in FIG. 3(b) were obtained. It is to be noted that 
the processing gas constituted of CF 4 and Ar is normally 
used in an etching process implemented on the Si0 2 
layer 208 or the SiN x layer 206. The flow rate ratio of 
the constituents of the processing gas was set at CF 4 / 
Ar = 20sccm/100sccm, Otherwise, the process was im- 
plemented under the same processing conditions as 
those described above. As shown in FIG. 3(b), when the 
processing gas constituted of CF 4 and Ar was used, the 
Cu layer 204 became oxidized to a greater depth and a 
greater degree of injection of C and F was observed 
compared to the extent of oxidation and C/F injection 
observed in the etching process implemented by using 
the processing gas constituted of CH 2 F 2 , 0 2 and Ar de- 
scribed earlier. Thus, one may conclude that the Cu lay- 
er 204 becomes damaged more readily when the 
processing gas constituted of CF 4 and Ar is used. 
[0024] In addition, an etching process was imple- 
mented by using a processing gas constituted of CH 2 F 2 , 
N 2 and Ar achieved by mixing N 2 instead of 0 2 , in order 
to ascertain the extent of the influence of 0 2 present in 
the processing gas, and the results presented in FIG. 4 
(a) were achieved. It is to be noted that the flow rate 
ratio of the constituents of the processing gas was set 
at CHgF^ N 2 /Ar = 20sccm/ 1 0 sccm/1 OOsccm as in the 
processing gas constituted of CH 2 F 2 , 0 2 and Ar. The 
process was implemented by setting the other process- 
ing conditions identically to those described earlier. As 
shown in FIG. 4(a), the Cu layer 204 became oxidized 
to an even further depth and a greater degree of C/F 
injection was observed when the processing gas con- 
stituted of CH 2 F 2 , N 2 and Ar was used compared to the 
extent of the oxidation and the C/F injection observed 
in the process implemented by using the processing gas 



constituted of CH 2 F 2 , 0 2 and Arand the process imple- 
mented by using the processing gas constituted of CF 4 
and Ar. This demonstrates that the presence of 0 2 in 
the processing gas constituted of CH 2 F 2 , 0 2 and Ar 

s does not adversely affect the Cu layer 204 but rather, it 
effectively protects the Cu layer 204. 
[0025] It is to be noted that the results presented in 
FIG. 4(b) were achieved by performing a similar meas- 
urement on the Cu layer 204 exposed to the atmosphere 

10 without implementing the etching process. 

[0026] As described above, by etching the SiN x layer 
206 covering the Cu layer 204 with the plasma gener- 
ated from the processing gas constituted of CH 2 F 2 , 0 2 
and Ar, it is possible to minimize the extent of oxidation 

15 of the exposed Cu layer 204 and to reduce the extent to 
which C and F constituting the CH 2 F 2 are injected into 
the Cu layer 204. As a result, the electrical resistance 
value at the connection area does not increase even 
when another wiring is connected to the exposed sur- 

20 face of the Cu layer 204. 

(2) Ashing Method 

[0027] Next, a method that may be adopted to imple- 
25 m ent an ashing process on the photoresist layer 210 
formed at the wafer W is explained. During the process 
for manufacturing a semiconductor device, an ashing 
process is normally implemented afterthe etching proc- 
ess to remove the photoresist layer 21 0 used as an etch- 
30 ing mask. However, there is a risk of the Cu layer 204 
which has not been oxidized during the etching process 
becoming oxidized during the ashing process imple- 
mented by adopting the method in the prior art. Accord- 
ingly, it is desirable to implement an ashing process 
35 through the following method on the wafer W that in- 
cludes the Cu layer 204. 

[0028] Namely, following the etching process de- 
scribed above, the temperature of the wafer W remain- 
ing on the lower electrode 108 is sustained at 100°C or 

40 lower and preferably at 40°C. The temperature of the 
wafer W is adjusted by a temperature control mecha- 
nism (not shown) internally provided at the lower elec- 
trode 108. In addition, a processing gas constituted of, 
for instance, 0 2 , is introduced into the processing cham- 

45 ber 1 02 at a flow rate of 200sccm. Then, high frequency 
power with a frequency of 13.56 MHz and achieving a 
level of 1000 W is applied to the lower electrode 108. 
Through this power application, the processing gas is 
raised to plasma and thus, the photoresist layer 210 at 

so the wafer W shown in FIG. 2(b) is removed. 

[0029] In this method, the ashing process is imple- 
mented while sustaining the temperature of the wafer W 
at 100°C or lower and, as a result, the degree to which 
the Cu layer 204 is oxidized is minimized. Thus, the state 

55 of the Cu layer 204 after the ashing process remains 
essentially unchanged from the state following the etch- 
ing process. 
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(3) Method of Treating Surface of Cu Layer (H 2 Plasma 
Process) 

[0030] Next, a method that may be adopted to treat 
the surface of the Cu layer 204 is explained. It is difficult 
to completely prevent the oxidation of the Cu layer 204 
and the entry of C and F even when the process is im- 
plemented by adopting the etching method and the ash- 
ing method described above. Accordingly, it is desirable 
to implement the following surface treatment on the Cu 
layer 204. 

[0031] Namely, after the etching process and the ash- 
ing process described above, the processing gas intro- 
duced into the processing chamber 102 is switched to 
H 2 with the wafer W still remaining inside the processing 
chamber 1 02. The flow rate of H2 may be set at, for in- 
stance, 2O0sccm. In addition, the pressure inside the 
processing chamber 102 may be set at, for instance, 
50mTorr. Then, H 2 plasma is generated inside the 
processing chamber 102 by applying 1000 W high fre- 
quency power with its frequency set at, for instance, 
13.56 MHz to the lower electrode 108. The H 2 plasma 
thus generated deoxidizes the Cu layer 204 which has 
been oxidized. At the same time, the Cu layer 204 is 
subject to ion implant, which eliminates C and F having 
been injected into the Cu layer 204 during the etching 
process. As a result, a Cu layer 204 which does not con- 
tain O (oxygen atoms), C and F can be formed. 
[0032] In addition, the relationship between the depth 
measured from the surface of the Cu layer 204 and the 
contents of O, C and F contained in the Cu layer 204 at 
the corresponding depth was ascertained with regard to 
the Cu layer 204 before and after the H 2 plasma proc- 
ess. The results indicate that the contents of O, C and 
F up to 30 A from the surface of the Cu layer 204 became 
greatly reduced after the process. 
[0033] Furthermore, the surface of the Cu layer 204 
can be treated by utilizing the plasma processing appa- 
ratus 100 employed to implement the etching process 
and the ashing process when the method described 
above is adopted. This means that the surface of the Cu 
layer 204 does not need to be treated by employing an- 
other processing apparatus. Thus, the individual proc- 
esses can be continuously performed on the plasma 
processing apparatus 100 to achieve an improvement 
in the throughput and a reduction in the production 
costs. 

[0034] While the invention has been particularly 
shown and described with respect to the preferred em- 
bodiment thereof by referring to the attached drawings, 
the present invention is not limited to these examples 
and it will be understood by those skilled in the art that 
various changes in form and detail may be made therein 
without departing from the spirit, scope and teaching of 
the invention. 

[0035] For instance, while an explanation is given 
above in reference to the embodiment on an example 
in which CH 2 F 2 is used as a constituent of the etching 



processing gas, the present invention is not limited to 
this example and the advantages described above may 
be achieved by using CH 2 F 2 , CH 3 F or CHF 3 instead of 
CH 2 F 2 . 

5 [0036] In addition, while an explanation is given above 
in reference to the embodiment on an example in which 
Ar is added into the etching processing gas, the present 
invention is not limited to this example and it may be 
effectively implemented by using an inert gas such as 

10 He instead of Ar or without adding any inert gas. 

[0037] While an explanation is given above in refer- 
ence to the embodiment on an example in which a single 
plasma processing apparatus is utilized to implement 
the etching process, the ashing process and the Cu lay- 

15 er surface treatment, the present invention is not limited 
to this example and it may be also adopted when sep- 
arate plasma processing apparatuses are employed to 
perform the individual processes described above. 
[0038] According to the present invention, the SiN x 

20 layer formed on the Cu layer can be etched, while min- 
imizing the extent to which other elements become 
mixed in the Cu layer. In addition, other elements 
present in the Cu layer can be eliminated through the 
plasma process implemented by using H 2 . As a result 

25 any degradation of the Cu layer can be prevented. 

INDUSTRIAL APPLICABILITY 

[0039] As explained above : the present invention may 
30 be adopted during the process of manufacturing semi- 
conductor devices and, in particular, it is ideal in an ap- 
plication in which a plasma process such as etching is 
implemented on an SiN x layer formed on a Cu layer. 
[0040] Explanation of Reference Numerals 

35 

1 00 plasma processing apparatus 

1 02 processing chamber 

1 04 processing container 

106 magnet 
40 108 lower electrode 

110 upper electrode 

1 1 0a gas outlet hole 

112, 114, 116 first - third switching valves 

1 1 8, 1 20, 1 22 first - third flow regulating valves 
45 1 24, 1 26, 1 28 first - third gas supply sources 

1 30 high frequency source 

132 matcher 

134 baffle plate 

136 evacuating pipe 

so 200 first Si0 2 layer 

204 Cu layer 

206 SiN x layer 

208 second Si0 2 layer 

210 photoresist layer 

55 w wafer 
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Claims 

1. An etching method for etching an SiN x layer on a 
Cu layer formed at a workpiece placed inside a 
processing chamber by raising to plasma a 5 
processing gas introduced into said processing 
chamber, wherein; 

said processing gas contains a gas constitut- 
ed of C, H and F and 0 2 . 

10 

2. An etching method according to claim 1 , wherein; 

said gas constituted of C, H and F is CH 2 F 2 . 

3. An etching method according to claim 1 , wherein; 

said gas constituted of C, H and F is CH 3 F. 

4. An etching method according to claim 1 , wherein; 

said gas constituted of C, H and F is CHF 3 . 

5. An etching method according to claim 1 , wherein; 20 

an inert gas is added into said processing gas. 

6. A plasma processing method comprising; 

a step in which a processing gas containing a 
gas constituted of C, H and F and 0 2 is raised to 25 
plasma and an SiN x layer on a Cu layer is etched 
by using a photoresist layer having a specific pat- 
tern formed therein; 

a step implemented after said etching step, in 
which said photoresist layer is ashed; and so 

a step implemented after said ashing step, in 
which H 2 is introduced into said processing cham- 
ber an H 2 plasma process is implemented on said 
Cu layer that has become exposed by raising the 
H 2 to plasma. 35 

7. An etching method according to claim 6, wherein; 

said gas constituted of C, H and F is CH 2 F 2 . 

8. An etching method according to claim 6, wherein; *o 

said gas constituted of C, H and F is CH 3 F. 

9. An etching method according to claim 6, wherein; 

said gas constituted of C, H and F is CHF 3 . 

45 

10. An etching method according to claim 6, wherein; 

an inert gas is added into said processing gas. 

11. An etching method according to claim 6, wherein; 

said etching step, said ashing step and said so 
H 2 etching step are implemented inside a single 
processing chamber. 



55 



6 



EP 1 207 550 A1 



FIG.1 




7 



OMCrV-VMfV -co 



EP 1 207 550 A1 

FIG.2(a) 

w 



s 



FIG.2(b) 
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DEPTH MEASURED FROM Cu LAYER SURFACE(A) 
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DEPTH MEASURED FROM Cu LAYER SURFACE(A) 
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DEPTH MEASURED FROM Cu LAYER SURFACE(A) 



FIG.4(b) 




DEPTH MEASURED FROM Cu LAYER SURFACE(A) 
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